Introduction
At present, fractional mg quantities of material are required for nmr studies, but it now appears that pulse methods combined with Fourier transform analysis and computer signal averaging techniques may allow investigations to be carried out on p,g quantities. The requirement for purity is high if a total analysis is to be performed, since all proton-bearing impurities are observed. For example, while a small quantity of hydrocarbon or butyl phthalate would not impair an ultraviolet analysis of an unsaturated steroid, it would excessively complicate its nmr spectrum.
For these reasons, structural information on submicrogram quantities of material has been obtained in the past primarily through indirect methods involving chemical reactions and chromatography. For example, a compound isolated from an ion exchange resin through the radioactivity of a given fraction is treated with a reagent capable of altering its acidic or basic nature, resulting in a change in its chromatographic behavior on the same resin. From the success or failure of this reaction, the presence or absence of a functional group such as an amine or phenol can be inferred.
Paper chromatography, gas chromatography, and thin-layer chromatography all have been key tools for such studies, along with Sephadex column, ion exchange resins and countercurrent chromatography (see also Chapter 31, this Volume). Gas chromatography (gc), while more limited in scope than the other techniques because of the requirement that the substance possess a finite vapor pressure at reasonable temperatures, is inherently a more powerful chromatographic technique since it conveys information reflecting the molecular weight. Thus the retention time allows for the presence of limited combinations of molecular weight and polarity, so that if polarity is known from other data (chromatographic tailing, solvent extractability, etc.), the molecular weight may be estimated. Again, conversion of substances at the submicrogram level with various reagents results in predictable shifts in retention time which often reveal structural features of a molecule. The basic principles involved with the use of gc in the assay of drugs has been covered in a previous chapter in this book (Chapter 27, this Volume). Some other basic references in this area are suggested: ETTRE and ZLATKIS (1967) ; MoNAIR and BONELLI (1967) . There are also available several references either in biological applications of gc or specific applications to pharmacology and toxicology: ALBER (1969); ANDERS and MANNERING (1967); BROOH-MANN-HANSSEN and Ou (1969); DALGLIESH et al. (1966); GRAY (1961) ; GUD-ZINOWIOZ (1967) ; STREET (1969); SZYMANSKI (1964); WOLTZ and CLARK (1966) .
The nature of pharmacological investigations is such that some knowledge of all of the above methods is essential today. Thus, p,g and occasionally even mg amounts of material are available from drug metabolism studies because intact organisms are usually utilized. On the other hand, the material is often contaminated with other endogenous organic substances (see below) which make its isolation extremely difficult, time consuming, and attendant with many opportunities for loss of material. For example, BURTIS and WARREN (1968) using anion-exchange chromatography and other procedures identified 50 compounds in the urine of normal male subjects. Other workers have analyzed for these same substances by other methods: DALGLIESH et al. (1966) present a gas liquid chromatographic (glc) procedure which permits the separation and identification on the same chromatogram of a wide range of substances naturally occurring in urine or tissue extracts. Their procedure will detect organic compounds which are either free or conjugated. The method has proven satisfactory for fatty acids, carboxylic acids, hydroxy acids, keto acids, polyhydroxy compounds such as glycerol, aromatic compounds, steroids, glycine, mercapturic acids, and glucuronides. The procedure
